In Chile there is a gap that needs to be filled in order to have a positive impact upon emergencies, particularly in emergency houses (EH) In this study were evaluated the properties of a prefabricated prototype based on a "Structural Insulated Panel" 64mm thick (SIP64), built by two OSB panels bonded with a two component polyurethane adhesive to a high density expanded polystyrene core. SIP64 was manufactured as a main element for construction of EH. The thermal insulation was evaluated by NCh 853:2007 and was equal to 1.41 [m*K/W] equivalent to a thermal transmittance to 0.71 [W/m*K]. In fire resistance (FR), the quality was determined by NCh 935/1.Of97. The FR was F15 class, minimum safety requirement for bearing vertical elements and non-supportive frame walls. It is feasible to use the SIP64 as the main element in the construction of EH. FONDEF D09I1058 project has developed Technical and Normative standards for wood shelter. As main products Manuals for Manufacturing, Installation, Technical Specifications and Regulations for EH were developed and are available online for free.
Introduction
Shelter, is a kind of house that actually has no technical regulations to establish minimal comfort criteria as they do not depend from de Ministry of Housing but from Interior Ministry. In fact, Shelter or EH are not regulated by any authority (Ministerio de la Vivivenda, 2017).
There are many examples of shelter in the world, even patented, but none is regulated by governments. Even more, there are no regulations that establish basic conditions for transient habitability under minimum technical criteria nowhere in the world (Cardona, 2008; Secretaría General de la Comunidad Andina, 2017; Sehnbruch, 2017) .
A 18sq.mt precarious house consisting of eight prefabricated unpainted wood panels of wet radiata pine, corrugated steel cover plates, two windows, one door and other complementary elements, known as "mediagua" is used without standard in Chile as an emergency housing. Back in 1966, "Fundación Vivienda" was created to provide temporary housing solutions to families in extreme poverty as those who have suffered a natural disaster, through direct or indirect actions (Garay, Pfennieger, Tapia, & Larenas, 2014 ; Ministerio de Vivienda y Urbanismo, 2016).
For nearly 46 years, there has been an implicit acceptance by the State of Chile to deliver this type of prefabricated homes, a temporary solution, which is supported in the absence of regulations, prioritizing quantity and fabricating and building speed over quality of the product, leaving behind concepts as basic and important to the healthy development of Chilean families as the housing wellness itself.
This housing wellness can be evaluated by various factors of habitability and safety. The idea of habitability responds to compliance with certain parameters and standards among which stand out: interior lighting and sunlight, overcrowding, heat and sound insulation (APA -The Engineered Wood Association, 2014; González, Vásquez, & Hernández, 2016; Ministerio de Vivienda y Urbanismo, 2016) . Security, meanwhile, should contribute to exemption from danger, harm or risk, so are considered security parameters in electrical and sanitary installations, structural safety, fire safety and security against accidents (Bustamante & Rozas, 2009; Flores, 2015; Garay, 2015) . "The wide range of buildings in Chile has a reduced capacity to limit the energy demand for thermal conditioning. This phenomenon is greatly attributed to the low thermal insulation standards contemplated in the current regulations and the lack of guidelines focused on limiting air infiltration" (Bobadilla, Diaz, Figueroa, & Arriagada, 2014) , in social housing this has been approved and regulated by the OGUC, but even lower conditions can be expected in unregulated emergency housing.
In recent years, Latin American countries have suffered from the constant housing deficit, which destroys the possibilities of the first property by the neediest populations. Therefore, it is necessary to propagate studies, research and information on industrialized housing construction techniques, such as wood frame (Almeida et al., 2016) .
The research project Integrated Design for the Reconstruction of Energy Efficient Dwellings (Escorcia et al., 2013) expose a strategy of diagnosis and evaluation to the thermal improvement through outer envelops for low cost housing located in reconstruction areas. It develops an analysis and solution for the thermal envelop that can be applied in the earthquake's most affected regions in the central-south areas of Chile (Maule, Biobío and Araucanía). It presents a case study with quantitative methods for the technical and financial validation of a proposal for thermal improvement, and qualitative methods for the social validation of the involved actors. The results confirm a strategy that may contribute in the reduction of the consumption and developing attitudes able to direct towards the promotion of energy efficiency. The outcomes may be generalized and the experiences can apply to other regions, looking after their particular conditions (Castro, Sarmiento, Edwards, Hoberman, & Wyndham, 2017) .
In this study the properties of a prefabricated panel prototype is evaluated based on Structural Insulated Panel (SIP) construction technology characterizing it as a basic element for emergency housing. The housing welfare is the perception and valuation ascribed to the total of the components of a residence, according to psychosocial, cultural, economic variables and political order (Corporación de Desarrollo Tecnológico, 2015; Ministerio de Vivienda y Urbanismo, 2016) . This housing welfare can be assessed by various factors of habitability; physical-spatial, psychosocial, thermal, noise and light, and also for safety factors; such as structural, fire resistance, accidents, durability and maintenance (Mahuzier, 2017; Pérez, 2016) .
It was necessary to define the factors of habitability and safety to be considered as a minimum for emergency housing: Thermal insulation, fire resistance and protection of structural components that are exposed to weathering are reported in this document. (Garay et al., 2014; Ministerio de la Vivivenda, 2017; Wagner, 2017) 
Materials and methods
As a result, the project addressed this issue with different private and public agencies (MINVU; ONEMI, FOSIS) to find a consensus regarding the minimal technical criteria this emergency house (EH) should match in the different country climatic zones and also how they should be installed on site after the occurrence of natural disasters that affect the population. These regulations are also applicable in case of emergency houses in social vulnerability. Based on this arrangements the project designed, fabricated, installed and evaluated prototypes in 5 different climatic zones of the country and after that provided technical guarantees of the quality of the EH that were tested. This may serve as a model for other manufacturers in the private sphere as long as they respect the technical standards, which are particularly well resolved in timber construction due to Chilean experience and skills.
In this study were evaluated the properties of a prefabricated housing prototype with 64mm thick panel based construction technology known as "Structural Insulated Panel" (SIP) (hereinafter SIP64), which was built by two 9.5 mm OSB bonded with a two-component type polyurethane adhesive to a high density expanded polystyrene core.
This panel was manufactured in accordance with NCh 3393:2016 (Instituto Nacional de Normalización, 2016) as a main wall element in the construction of emergency housing, housing solutions to be transient which at this time have no regulations stipulating minimum habitability standards and safety requirements as the ones that exist for permanent housing. It was our interest to evaluate the thermal insulation and fire resistance of the SIP64 panel. The NCh853: 2007 thermal insulation standard was used to calculate the thermal resistance and thermal transmittance of the panel and then stated what climatic zones of the country meets the thermal requirements dictated by the General Urbanism and Construction (OGUC) (Instituto Nacional de Normalización, 2007; Ministerio de la Vivivenda, 2017) for perimeter walls. The Table 1 shows the requirements for dwellings. The thermal zoning of Chile is based on the heating degree-days (HDD) concept, in a specified period of time (winter), is obtained as the summation of the differences between a base temperature (15°C) and the day-averaged temperatures minus the base temperature. The heat to overcome the difference between the base temperature and the comfort temperature is supplied by the internal heat gains such as occupants, appliances, and lighting. The act has established the conductive thermal transmittance (U) of the envelope of dwellings 70 for each thermal zone of Chile. In terms of fire resistance, the quality of SIP64 panel was determined empirically to withstand a common fire under test under standard NCh 935/1:1997 (Instituto Nacional de Normalización, 1997) and settled in what parameters satisfies the minimum fire safety tax by OGUC to vertical elements. The fire resistance of the panel corresponds to the F15 class, which meets the minimum safety requirements for supportive and non-supportive vertical elements (walls). SIP64 1.22 x 2.44 m panels whose basic structure is composed of:  Core: high density expanded polystyrene (15 kg/m 3 ) and 45 mm thick.  Faces: Standard structural OSB is used in format 1.22 x 2.44 x 9.5 mm.  Adhesive: based on two-component polyurethane.
In the upper and lower ends of the panel, polystyrene is trimmed to place sills, necessary joints for the construction system. Likewise, in the side faces the polystyrene core carries two recesses along the entire length of the panel, allowing the insertion of the uprights to the junction between side panels ( Figure 1 ). The Table 2 , shows thermal resistance of materials. Oriented Strand Board (OSB)* 700 9.5 0.13 0.07 Figure 2 , presents three-dimensional and plan view the housing prototype. The exterior finishing protection systems have been upgraded according to the climatic conditions in each zone. In the north and center of country, the walls were protected with two hands of water-borne topcoat, plus the application of elastomeric stucco. In contrast, in the south, the walls are coated with aluzinc sheets and finished with a specially formulated acrylic paint for aluzinc. This applies in this case for roof and walls.
Minor modifications were made to the designs: superior ventilation openings (Figure 3 ), are higher and can be opened in the north and central area, however in the south they are lower and remain closed, allowing the passage of light. Also in the north the rear access doors are higher, reach the floor (Figure 4 ), allowing better ventilation. In southern and colder areas they are only half of the wall, collaborating with improved thermal insulation.
Likewise in the south, the front terrace has been protected from rain, while in the north it remains completely open. 
Thermal insulation
The Chilean Statement NCh 853:2007 (Instituto Nacional de Normalización, 2007) was utilized, this norm settles the calculation procedures to determine resistance and thermic transmittances for construction elements, particularly those of the thermal envelope, and in general, any other element that separates different temperature environments. The calculation procedures set in this Statement are based on the assumption that the heat flux is developed in accordance with the Law of Fourier, at stationary state.
The method was to determine the thermal resistance of a layer of material of plane and parallel surfaces, by the following equation: With this information, the total thermal resistance (RT) of the element was calculated as a compound of the sum of the thermal resistances of the different material layers that form the construction system (∑ Ri), adding the thermal resistances of both the inner surface (Rsi) and the outer (Rse), which are tabulated in this Statement, according to the direction of heat flow, the position and location of the spacer element and the wind speed (equation (2). (2) Once the total thermal resistance (RT) was obtained the thermal transmittance (U) of the SIP64 panel was determined as follows:
Finally with these values of thermal transmittance (U) and total thermal resistance (RT the thickness of the SIP panel was calculated in order, to meet the thermal requirements for the enclosure walls in Chile's different climatic zones either because the thermal transmittance (U) is less or equal, or the total thermal resistance (RT) is equal or superior to what is dictated by OGUC for the determined areas.
Fire resistance
The fire resistance test was carried out on the dependencies of the Institute of Materials Research and Testing (IDIEM), University of Chile, by applying Chilean Standard Of NCh 935/1. 97.
The method consisted of exposing the SIP64 panel under test, with one side heated by a furnace, to impart a temperature curve according to the standard time-temperature specified in NCh Of 935/1. 97, governed by the relationship (4):
Where: t: Time in minutes considered from the start of the trial T: Furnace temperature at time t, measured in ºC T0: Initial furnace temperature, measured in ºC According to this statement, the tested element must be analyzed under normal operating conditions, in order to reproduce, during the test, a similar system of embedding, supports and loads to which it has to be subjected. To T -T0 = 345 log (8t + 1) accomplish this, the tested element has to be of real size. The sample dimensions have to fit the furnace, so a 2.2 m wide by 2.4 m high panel was fabricated. This implies that two SIP64 sample panels, of 1.1 x 2.4 m were used, assembled by an upright edge and fastened peripherally by an upper and a lower hearth. In addition, throughout the entire assay, the magnitude of the compressive load (120 kg/m) had to be kept constant.
The furnace employs a LPG burner with 500,000 kcal/h power and has an opening capable of supporting the element under test. The temperature was measured by thermocouple on the side exposed to fire and infrared radiation in the unexposed side.
According to the Chilean Statement NCh 935/1 of. 97, the trial is due to continue until the failure of any of the following requirements of the test is observed: a) Load Bearing Capacity: Determined by the instant in which the element can no longer continue to carry the load bearing function for which it was designed. b) Thermal isolation: Determined by the time spent for the temperature of the unexposed side to rise to 195°C (point) or 140°C (average) over the initial environmental temperature. c) Water tightness resistance: Determined by the instant in which the flames (or high temperature gases) are filtered by the joints or through any cracks or fissures formed during the test. d) Flammable gases emission: Gases emitted from the unexposed side, are considered flammable if, by approximation of a flame, they burn and spontaneously continue burning for at least 20 seconds after removing the flame. It has to be pointed out that at baseline, ambient temperature was 15°C; the relative humidity was 54%; and the furnace recorded an initial temperature of 24°C.
Results and discussion

Thermal insulation
Chile has incorporated changes described in Section 4.1.10 of the OGUC: "first and second stage" of thermal regulation. These requirements have set thermal conditioning to the envelope of residential buildings. With no requirements in the past, these requirements were first set for roofing complex (2,000) and later for walls, ventilated floors and maximum window areas (2,007). In effect, since 2,007 (Ministerio de la Vivivenda, 2017), this amendment provides that the envelopes shall have a thermal transmittance "U " equal to or less, or a total thermal resistance " Rt " equal to or superior to the set for the area in question according to Table 3 . The total thermal resistance (Rt) and thermal transmittance of SIP64 was calculated (Table 4 ) and in the table 5, it presents the compliance thermal regulation for SIP64. Roof insulation thickness was varied to comply with the thermal resistances of each area.
According to (APA -The Engineered Wood Association, 2014), the "framing factor" is used to express a percentage of the total solid exterior wall area occupied by framing members, including headers. The wood wall U-factor in the IECC is calculated based on the assumption that the area of a standard residential wall (solid portions, excluding fenestration) consists of 25 percent framing and 75 percent insulation. This percentage of framing includes headers, which are typically 4 percent of the wall area, plus studs, plates and full-cavity width blocking. Framing that does not bridge the insulation (e.g., exterior or interior strapping, let-in bracing, rim joist) is excluded.
Fire resistance
Title 4 from chapter 3 of the OGUC, states that all buildings must meet minimum standards of fire safety, in order to facilitate rescue of occupants, minimize the risk of fire, prevent the spread of and facilitate fire-extinguishing fires. To that end, in OGUC buildings are classified in types a, b, c, and d according to:
 The building use (e.g., residential, office, warehouse, industrial) 
The floor area  The number of floors 
The maximum number of occupants  Fuel load density (mean and maximum points).
Based on this classification, fire resistance requirements, expressed as an index of classification for each of the building types are set, so as required fire walls, partition walls between units, stairs and horizontal supporting elements, among others, meet certain degree of fire resistance.
It is also worth noting that in OGUC's article 4.3.5 numeral 14, is issued that: the isolated, paired or continuous housing up to 2 floors, not exceeding 140 m 2 built area, have to resist at least F15 fires in its entirety and supportive components, provided that the abutment wall or partition wall, as applicable, comply with the requirements of partition walls between units This means that it could propose a detached two-story building in which the dividing wall meets the required class F60, and all other structural elements can be classified as F15.
Regarding the test results for fire resistance SIP64 obtained on the basis of the technical report issued by the Fire Laboratory of IDIEM, the following is mentioned: Consequently the fire resistance of SIP64 panel found to be 17 minutes, reaching the F15 classification according to Table 6 . In Chile, the only valid method for determining the fire resistance of building elements is an empirical test in specialized laboratories, by applying the NCh 935/1 of. 97. An alternative that allows to propose an analytical justification of the fire behaviour of light wood paneling is the Component Additive Method (CAM), The National Building Code of Canada provides architects, engineers and builders with a simple, practical calculation method for assigning fire-resistance ratings to wood-frame and steel-frame wall, floor and roof-ceiling assemblies. It was originally devised in the early 1960s and is commonly known as the Component Additive Method (CAM), (American Wood Council, 2014) , bases in Rules of Harmathy (Table 10) Description scheme Criterion Rule 1. The fire resistance of an element composed of several layers is greater than the partial sum of the resistances of each individual layer.
R12 > R1 + R2
Rule 3. The fire resistance of an element composed of several chambers separated by air layers is greater than the resistance of an element of equal weight but without inner tubes. R2 > R1
Rule 5. The fire resistance of an element does not increase as a result of increasing the thickness of an air chamber.
R1 ≈ R2
Moreover, in the Official list of fire behavior of elements and building components a solution for perimeter walls and / or partitions, structured with SIP building system, which meets the minimum requirement for party walls, is shown (F60). This and other solutions of interest are detailed in Table 11 , mentioning both the total thickness of the construction element (ET) as their relative rankings of fire resistant (RF) (Ministerio de Vivienda y Urbanismo, 2014). The trial results and analysis of the above table shows that both SIP64 like SIP75 and SIP90 are classified as F15, therefore it can be inferred that an increase in the thickness of the expanded polystyrene does not provide enhanced fire resistance and their behaviour resembles the nule fire resistance effect of an increasing air chamber as the 5th Harmathy's rule states ("the fire resistance of an element cannot be increased as a result of increasing the thickness of an air chamber"). Consequently, the fire resistance of these panels is determined almost exclusively by the coatings. Usually an OSB board 9.5 or 11.1 mm thick can last between 7-9 minutes in front of the fire meanwhile the polyurethane is consumed in a minute (Pérez, 2016) after the first OSB board is consumed.
That is further improved by incorporating a 10mm thick standard plaster board on the inner surface (exposed to the fire) of a SIP75 panel, increasing the element's fire resistance from F15 to F30 (solution 3). However it fails to classify as F60 when another layer of the same material (plaster board) on the outer face is added (solution 4). This rate (F60) is achieved by incorporating two sheets of 10mm plasterboard on each side with wooden racks and filled with mineral wool (solution 5). This and other constructive solutions in wooden partition walls, respond to an F60 classification, can be found in MINVU's website.
To meet the rules established by the Ordinance regarding fire safety, someone could build less than 140 m 2 and up to two stories house only with SIP64 panels for all structural and non-structural (e.g., half-floor building elements structure roof, supportive walls), except the dividing wall or partition between units, which require F60 fire resistance. Based on the times assigned by the CAM and the Rules of Harmathy, one could pose a dividing wall solution that meets the F60 requirement as follows: 1) From Table 7 a 9.5 mm thick plasterboard contributes with 10 minutes of fire resistance and 25 minutes if a double plaster board is used, consistent with the 1 st Harmathy's rule. 2) Table 10, the F15 SIP75 classifies as F30 if a 10mm thick plaster board is added at the fire exposed side. This means that the contribution of the plasterboard panel is at least 15 minutes, although individually plasterboard 10 mm may be assigned a shorter fire resistance (according to table 7). 3) Because the SIP64 and SIP75 panel classified as F15, a party wall can be designed similar to solution 5 of Table 10 , which uses a SIP64 instead of a SIP75 and a double layer of plasterboard (i.e. 2 x 10 mm thick) screwed on each side of the panel. If this is subjected to CAM it should be classified as F60, as shown in Table 12 . In Chile there are only two experimental centers, certified by MINVU approved to realize these tests.
Requiring a standardized full-scale fire resistance test, resulting in taxation, inhibits innovation and promotes a bureaucratic hurdle, besides being expensive, requires considerable time (Wagner, 2017) .
To validate the CAM, it is imperative to develop a regulation governing the manufacture of materials used in construction, as applied in the US, with the Regulations Product Volunteers (Voluntary Product Standard) because so far is regulated by each company, generating differences in both composition (density and product quality), resulting in different fire resistances.
Finally, Figure 7 shows a summary of technical criteria for habitability Shelter that comprises: Other Considerations and Recommendations: To foster and support the internal organization and leadership for interaction with authorities To conserve, maintain and strengthen social networks Development of productive public spaces -gardens. 
Conclusions
Technical basis for Emergency Housing and Regulation are available. All the developed information is contained at Manuals of Manufacturing, Installation, Technical specifications and Regulations, all of which are available online on the website of the Faculty of Science Forestry and Nature Conservation from the University of Chile.
We need to move towards adopting operational stage. Move towards to the transient habitability timeline, from the disaster and evacuation to definitive solutions. 
